Background Recently, breast reconstruction with the greater omentum flap has gained more attention, although it has been only rarely reported in the literature. An unpleasant case presented by us here prompted us to perform a literature search on breast reconstruction with the omentum flap concerning postoperative results and complication rates. Case presentation We here present the case of a 46year-old woman who presented with severe infection 3 months after omentum flap reconstruction in a distant local hospital. Intraoperative revision showed an inflammatory, completely necrotic flap that had to be removed. Conclusion The literature review shows that the omentum flap can be reasonably used only in onesided reconstructions of very small breasts. Due to the limited indications, unpredictable flap volume, and our negative experience, we recommend that this type of reconstruction be used with restraint.
Introduction
The increasing detection of early breast cancer due to systematic screening allows less invasive surgery, such as breast-conserving surgery (BCS) and nipple-spar-R. Spinelli, M. Lanthaler, and T. Bauer contributed equally for first authorship.
R. Spinelli, MD · M. Lanthaler, MD, PD ( ) · C. Tasch, MD · A. Nitto, MD · Prof. G. Pierer, MD · T. Bauer, MD Innsbruck Medical University Hospital, Anichstraße 35, 6020 Innsbruck, Austria monika.lanthaler@i-med.ac.at ing and skin-sparing mastectomy [1] . Consequently, an increasing number of patients choose the option of immediate breast reconstruction. Generally, three different approaches are considered for breast reconstruction: implants or expander reconstruction, free or pedicled flaps with vascularized autologous tissue, and autologous fat transfer (AFT) [2] . Autologous tissue reconstruction is cost effective, achieves good and natural cosmetic results, and is more suitable in case of radiotherapy [3] .
The principal methods of breast reconstruction using autologous tissue include the latissimus dorsi musculocutaneous flap (LDL), flaps of lower abdominal tissue such as transverse rectus abdominis myocutaneous (TRAM) flaps, pedicled (pTRAM) or free (fTRAM), and perforator flaps.
Most women requiring tissue transfer for breast reconstruction are candidates for perforator flaps. The deep inferior epigastric perforator (DIEP) flap is supplied by intramuscular perforators from the deep inferior epigastric artery and vein. The superficial inferior epigastric artery flap (SIEA) is based on the superficial inferior epigastric artery and vein, which arise from the common femoral artery and saphenous bulb. GAP flaps are based on perforators from either the superior or the inferior gluteal artery (SGAP and IGAP).
Breast reconstruction with the omentum flap has rarely been reported in the literature. The greater omentum can be harvested either by standard open approach or by laparoscopy, with decreased risk of donor site deformity and morbidity, and is transferred to the breast through a tunnel created from the medial end of the inframammary fold, toward the xiphoid process, to the abdominal cavity. The laparoscopically harvested omental flap (LHOF) may be pedicled on the gastroepiploic vessels, or free (LHOFF) when the right gastroepiploic pedicle is anastomosed with the review Fig. 1 Clinical presentation 3 months after reconstruction with the omentum flap receiving vessels in the chest wall, like the thoracic dorsal or the internal mammary vessels.
Case presentation
A 46-year-old woman presented at our outpatient clinic with a severe infection of the surgical wound at the submammary fold 3 months after autologous breast reconstruction with the greater omentum, which had been performed at a different institution. She had already had multiple local wound debridements and several antibiotics, with limited results. At clinical examination she had a non-healing breast wound and the flap was necrotic ( Fig. 1 ). Wound revision was planned to remove the necrotic flap. Microbiological culture of the infected tissues revealed an infection with Achromobacter xylosoxidans. A 2week course of piperacillin/tazobactam was administered. Thereafter, 2 weeks postoperatively, the wound had completely healed. The patient declined any further reconstructive surgery despite poor cosmetic results ( Fig. 2 ).
Methods

Literature search strategy
Two independent researchers conducted a systematic review in the PubMed, Embase, and Cochrane Library databases, adhering to the PRISMA statement, and assessed the methodological quality of the studies according to the Grading of Recommendations Assessment, Development, and Evaluation (GRADE) criteria [4] . The search was conducted from January 2014 to December 2018 with the following search terms: "omentum," "omental," "reconstruction," and "breast." 
Inclusion criteria
The data search was restricted to studies reporting on breast reconstruction with the omentum flap. Experimental studies in animals were excluded. Abstracts of the references retrieved were reviewed and the full text of all potentially relevant studies was analyzed for eligibility. Information from each study was extracted using a standardized data extraction form. Authors were not contacted.
Data extraction
Articles not reporting original data, such as literature reviews, editorials, and comments, and studies with reconstruction of the thoracic wall were excluded. Moreover, when several articles used duplicate data, only one of the articles was included. Only articles describing a breast reconstruction with pedicled or free omental flap techniques were retained for the final analysis. After inclusion, we retrieved from each study the following variables (when available): year of publication, number of patients, type of procedure, patient characteristics (body max index, BMI), type of study, technique used for omental flap harvesting, flap design, flap weight, surgical complications, cosmetic results, and follow-up (Table 1) .
Results
A total of seven articles were included for the final analysis.
Fifty-seven (19.4%) complications occurred in a total of 293 patients, including total or partial flap Breast reconstruction with the omentum flap: a case report with unsatisfactory outcome and review of the. . . We found a total of three cases of recurrence and two of distant metastasis. One patient died after 11 months. Only one work had a follow-up of more than 5 years. Five studies had a follow-up of less than 1 year with no oncologic results.
K review
The mean operative time was 318.5 min (for free flaps 370.16 min).
Discussion
Kirikuta et al. [5] first described the use of the greater omentum for breast reconstruction in 1961. Since then, the omentum flap has been used to treat congenital deformities of female breasts, after radiation treatment, and for partial breast reconstruction. It was also occasionally used to restore the thoracic cavity and the chest wall, mostly as a pedicled flap.
Claro et al. [6] , in a literature review from January 1984 to December 2013, reported that before 2000, the greater omentum was used only as a last option for covering huge deformities resulting from mastectomy performed in women with advanced breast cancer. Initially, laparotomy was almost the only technique used. Successively, laparoscopy was more often performed for breast reconstruction in patients with early-stage breast cancer [7] [8] [9] and also for additional coverage of breast implants [10] . Interestingly, Claro et al. reported that flap necrosis is the most frequent complication (31.87%), with the second most common complication being breast infection (19.05%), followed by abdominal wall hernia (16.12%) and bowel obstruction or ileus (9.16%). Indeed, the author recommended breast reconstruction with the omentum only when muscular/myocutaneous or perforator flaps were not feasible.
In all the articles covered in the present review, spanning the past 5 years, the laparoscopic approach was used in all cases, with a total of 270 laparoscopically harvested pedicled omentum flaps (LHOF) and 23 free flaps (LHOFF). Fifty-seven complications in 293 patients (19.4%) were recorded; three procedures were suspended, one due to severe abdominal adhesions and the other to a vascular injury with flap loss. A fat transplantation was successfully performed.
In both reviews, the total or partial flap necrosis was the most frequent complication, occurring in Claro's review review in 31.7% of cases and in our review in only 5.8%.
Likewise, the incidence of wound infection is 19.6% in Claro's review and only 1.2% in ours.
The quality of cosmetic results was deemed satisfactory (excellent/good) in 230 and unsatisfactory (fair/poor) in 42 cases. The main reasons for unsatisfactory cosmetic results were breast asymmetry following intraoperative flap necrosis, or partial flap loss, or volume insufficiency.
Volume insufficiency is encountered relatively frequently: Zaha [7] reported 32% volume insufficiency in 200 patients with a median resected weight of 181 g.
Furthermore, the predictability of flap volume seems to be a problem, as mentioned in all the articles in our review, because neither body mass index nor radiological methods were able to provide precise information, and only laparoscopic exploration proved effective for evaluating this volume, which can be less than 100 g.
As a breast volume smaller than 200 g is very rare in Caucasian women, this kind of reconstruction is possible only in a small group of patients with unilateral reconstructions. On the other hand, as most Asian women are very thin and small breasted, they are probably better candidates for this procedure. Indeed, six of all seven articles reported on procedures performed in Eastern countries and only one article mentioned procedures performed in Europe, namely with only six patients.
Sandbichler et al. [15] recently reported on an interesting series of patients undergoing breast reconstruction with the omental flap using the laparoscopic approach. This study was not captured with our search strategy, as it was published in a journal not indexed in PubMed. The author reported on 65 consecutive cases from November 2014 to December 2017, including 39 complete subcutaneous and 26 partial subcutaneous mastectomies with a mean operative time of 154 min. However, it is not clear whether the operative time reported included the mastectomy or only flap reconstruction, as we found in our review a significantly longer operative time. Laparoscopic harvesting resulted in gastric perforation and one case of flap loss, while five partial skin necroses and nine volume insufficiencies were also recorded, with a complication rate of 10.77% and 13.84% cases of volume insufficiency.
While the option of laparoscopic harvesting may seem appealing, this technique is associated with several limitations including major complications like gastric perforation or vascular injuries, the possibility to repair only one side, long operative time, and the unpredictable weight of the flap that is often insufficient. These limitations should be taken into account when choosing the surgical technique from among other more validated and safe flaps in breast reconstruction.
Conclusion
According to the available data, the omentum flap can be reasonably used only in one-sided reconstructions of very small breasts or in BCS.
On the one hand, the laparoscopically harvested great omentum flap, pedicled or free, shows smaller complication rates than in the past. On the other hand, the procedure requires an experienced laparoscopic surgeon, is only possible in small-breasted women, and there is currently no means of determining the omentum's volume before surgery.
Operative time was more than 5 hours in LHOF and exceeded 6 hours for free flap transplantation.
Further studies are needed to assess the long-term oncological outcome of omental flap-based breast reconstruction.
In summary, we found improvements in breast reconstruction with the omentum flap during the past 5 years and a decreased number of complications in all publications.
Because of the limited indications, the unpredictable flap volume, and our negative experience with the above-mentioned case report, in our hospital, we continue to perform breast reconstruction with implant/expander or autologous perforator flaps like the DIEP or the PAP flap after skin-/nipple-sparing mastectomy.
Due to the limited indications, unpredictable flap volume, and our negative experience, we recommend that this type of reconstruction be used with restraint.
